Effect of milling time on the microstructure of NiFe alloy / Lokman Hakim Amran by Amran, Lokman Hakim
EFFECT OF MILLING TIME ON THE MICROSTRUCTURE 
OF NIFE ALLOY 
LOKMAN HAKIM BIN AMRAN 
(2006690352) 
A thesis submitted in partial fulfillment of the requirements for the award of Bachelors 
of Engineering (Horis.) (Mechanical). 
Faculty of Mechanical Engineering 
Uiiiversiti Teknologi MARA (UiTM) 
MAY 2010 
i 
ACKNOWLEDGEMENT 
Firstly, I would like to be very thankful to the Almighty for His benevolence 
and generosity in giving me strength and courage to complete my thesis successful. 
Thus, my research would also not be done without help from the following 
individuals and institution. Firstly, I would like to thank my supervisor with millions and 
endless appreciation, Pn Koay Mei Hyie who has supervised, give an idea, information 
and advised me with patience, my co-supervisor Pn Noor Leha Abdul Rahman who 
gave me the information, advice, and also idea about my research. Thanks to UiTM 
Campus Shah Alam, that gave me the facilities to use in my experiment, laboratory 
technicians Mr. Hayub Ta, Mr Rahimi, Mr Hairi, Mr Azrol and others who helped me in 
my research and experiment. Without help from all of these individuals, my research and 
experiment would not be smoothly finished. Hereby, I also like to express my deepest 
appreciation to my family, especially to my parents for their understanding, support and 
encouragement in completing this project. 
Lastly, specially express gratitude to my colleagues, friends and lecturers of 
Faculty of Mechanical Engineering, University Technology MARA for their support 
towards the completion of this project. With all love and million thanks to all of these 
people. 
Thank you for you all. 
ii 
ABSTRACT 
Nickel-Iron (NiFe) base alloys (permalloy) are commonly used as soft magnetic 
materials, exhibiting high permeability, low coercivity, low magnetostriction and high-
saturation magnetization. This material is often used in electronic industry. The 
continuous research of this material can improve its characteristics beside find new 
functionality so that it can give benefits to people. The main objective of this research is 
to investigate the effect of milling time on the microstructure and properties of NiFe. 
The experiment was conducted by using pure Nickel (Ni) and Iron (Fe) powders 99.9% 
purity. The powder mixtures were milled with various milling time of 2 hours, 4 hours 
and 6 hours in a zirconium oxide jar and ball-to-powder ration (BPR) of 3:1 was used. 
The milled powder were compacted and annealed in the hot furnace with 600°C 
annealing temperature and holding time for 1 hour. X-Ray Diffraction (XRD) technique 
and Energy Dispersive X-Ray (EDX) were used to study the composition of the samples 
before and after annealing. Electromagnetic testing and hardness testing also was 
conducted to examine the electroconductivity and hardness of the samples respectively. 
Besides, microscopic examination was carried out using optical microscope and 
Scanning Electron Microscopy (SEM) analysis to observe particle morphology of NiFe 
alloys. The result showed as the milling time increased, the particles and crystallite size 
of material were decreased less than about 18nm and the fine microstructure of NiFe 
was achieved. XRD analysis shows the NiFe alloys consisting of Ni, NiFe and Fes04. 
The highest value of hardness and electrical resistivity obtained are 78.7 HRA and 11. 
45 Ohm.m. 
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